E ndoscopic third ventriculostomy (ETV) is an accepted alternative to CSF shunting for treatment of hydrocephalus. ETV has a high rate of success in selected patients. Kulkarni et al. 18 created the ETV Success Score (ETVSS; Table 1); this system provides a simple, reproducible method of estimating the chance of success of the procedure at 6 months. The ETVSS calculates a score based on 3 factors: patient age, cause of hydrocephalus, and the presence or absence of a previous shunt. The score approximates the odds that the ETV will effectively treat hydrocephalus without the need for shunt placement; the highest score possible is 90, estimating a 90% chance of success. The highest rate of success is found in patients with obstructive hydrocephalus who have not had a prior shunt. In these patients, the ETVSS estimates an 80% chance of success in children from 1 to 10 years of age and a 90% chance in patients more than 10 years of age. However, ETV failure occurs in some patients with the highest ABBREVIATIONS CI = confidence interval; ETV = endoscopic third ventriculostomy; ETVSS = ETV Success Score; ICP = intracranial pressure; iNPH = idiopathic normal pressure hydrocephalus; OR = odds ratio. OBJECTIVE Endoscopic third ventriculostomy (ETV) is a surgical alternative to placing a CSF shunt in certain patients with hydrocephalus. The ETV Success Score (ETVSS) is a reliable, simple method to estimate the success of the procedure by 6 months of postoperative follow-up. The highest score is 90, estimating a 90% chance of the ETV effectively treating hydrocephalus without requiring a shunt. Treatment with ETV fails in certain patients, despite their being the theoretically best candidates for the procedure. In this study the authors attempted to identify factors that further predicted success in patients with the highest ETVSSs. METHODS A retrospective review was performed of all patients treated with ETV at 3 institutions. Demographic, radiological, and clinical data were recorded. All patients by definition were older than 1 year, had obstructive hydrocephalus, and did not have a prior shunt. Failure of ETV was defined as the need for a shunt by 1 year. The ETV was considered a success if the patient did not require another surgery (either shunt placement or a repeat endoscopic procedure) by 1 year. A statistical analysis was performed to identify factors associated with success or failure. RESULTS Fifty-nine patients met the entry criteria for the study. Eleven patients (18.6%) required further surgery by 1 year. All of these patients received a shunt. The presenting symptom of lethargy statistically correlated with success (p = 0.0126, odds ratio [OR] = 0.072). The preoperative radiological finding of transependymal flow (p = 0.0375, OR 0.158) correlated with success. A postoperative larger maximum width of the third ventricle correlated with failure (p = 0.0265). CONCLUSIONS The preoperative findings of lethargy and transependymal flow statistically correlated with success. This suggests that the best candidates for ETV are those with a relatively acute elevation of intracranial pressure. Cases without these findings may represent the failures in this highly selected group.
ETVSSs. We reviewed cases at 3 medical centers to evaluate if other factors may be considered to predict ETV success in patients with the highest ETVSSs.
Methods

Study Population
A retrospective review of all patients undergoing an ETV at Rady Children's Hospital (San Diego, California), Texas Children's Hospital (Houston, Texas), and Riley Hospital for Children (Indianapolis, Indiana) from 2010 to 2015 was performed. Patients with a preoperative ETVSS of 80 or 90 were identified. By definition, patients were older than 1 year, without a previous shunt, and with obstructive hydrocephalus. All patients included in the study had follow-up data of at least 1 year from the surgery. The study began after approval from each institution's medical review board.
Data Collection
Demographic information included the age, sex, and diagnosis of the patient. The clinical signs and symptoms were recorded. We considered the following symptoms to be suggestive of hydrocephalus: headache, nausea/vomiting, mental status changes, lethargy, visual abnormalities, developmental delay, gait instability, memory deficits, and incontinence. We recorded symptoms that were questionably related to hydrocephalus as "other." This category included 2 patients with tremor and single patients with spasticity, seizure, facial droop, delayed puberty, precocious puberty, and hemiplegia.
Preoperative radiological parameters included the maximum width of the third ventricle (mm), maximum bicaudate distance (mm), Evans index (ratio of the maximum width of the lateral ventricle frontal horns to the maximum transverse diameter of the inner table of the skull), and the presence or absence of transependymal flow. Postoperative radiological data also included an estimation of patency of the ETV. There was no standardized method for determining patency, although all patients were evaluated using MRI.
The clinical course of the patient was evaluated. "Failure" of the initial ETV was defined as the need for a shunt or further endoscopic surgery within 1 year. In this study, all patients whose ETV failed received a shunt; no patient underwent a repeat endoscopic procedure. The ETV was considered a "success" if the patient did not receive a shunt or further surgery by 1 year.
Statistical Analysis
Statistical analysis was performed using SAS software (version 9.4, SAS Inc.). Logistic regression models were used for the analysis of all variables of interest. The logistic regression model was chosen because the outcome of interest ("need for a shunt within 1 year") was considered to be binary. Interpretation of effects was recorded in terms of the odds ratio (OR).
For identifying significant effects, the stepwise model selection method was used for all variables related to demographic information, preoperative radiological parameters, and postoperative radiological parameters. In the stepwise procedure, the entry p value was set to 0.3 while the staying p value was 0.35. Potential 2-way interactions among the variables were also included in the stepwise model building process. A best model including only those selected variables was then fitted to obtain the associated p values, OR estimates, and 95% confidence intervals (CIs) for OR estimates.
For each of these nonselected variables in the stepwise procedure, a logistic regression model including only the variable of interest was also fitted to obtain its corresponding p value and OR estimate. Some of the variables had a very low event rate. To reduce the bias of estimates for such variables, Firth's method in logistic regression was applied.
Results
A total of 59 patients met all the entry criteria and were included in the study. All patients had an ETVSS of 80 or 90. Thirty-two patients (54.2%) had an ETVSS of 90 and 27 (45.8%) had an ETVSS of 80. There were 41 males (69.5%) and 18 females (30.5%). The demographic data are shown in Table 2 . The most common diagnosis was aqueductal stenosis, which was given in 20 patients (33.9%). The mean age of the patient population was 12.0 ± 11.7 years (median 10 years). The estimated duration of symptoms prior to surgery was 8.4 ± 15.3 months. In 11 patients (18.6%) the ETVs were considered failures. All of these patients had a shunt placed within 1 year; there were no endoscopic revisions and no deaths.
The presenting symptoms are shown in Table 3 . The most common symptom was headache, appearing in 39 patients (66.1%). Three symptoms (mental status changes, memory problems, and incontinence) occurred rarely enough that the ORs were not estimable using the ordinary maximum likelihood method (indicated in Table 3 ). The duration of symptoms did not statistically correlate with success. The symptom of lethargy was statistically significantly associated with success (p = 0.0126, OR 0.072). The category of "other" was also statistically correlated with success (p = 0.022). We did not draw conclusions from this category, given the heterogeneous and varied symptoms that may not have been related to hydrocephalus.
Physical examination findings are demonstrated in Ta- ble 4. The most common sign was papilledema, occurring in 13 patients (22.0%). There were no statistically significant correlations with outcome.
Both the pre-and postoperative MRI findings are shown in Table 5 . The presence of preoperative transependymal flow was statistically correlated with success (p = 0.0375, OR 0.158). Postoperatively, a larger width of the third ventricle correlated with an increased risk of failure (p = 0.0265, OR 1.128). This width was stepwise based on a unit of 1 mm. For every 1 mm increase in size of the third ventricle, the odds of requiring a shunt were 1.128 greater (12.8%).
Illustrative Cases Case 1
A 10-year-old otherwise healthy child presented with 2 weeks of progressive, debilitating headaches with nausea and vomiting. He had difficulty walking, florid papilledema, ataxia, and lethargy.
His initial MRI showed dilated ventricles with transependymal flow (Fig. 1A) . The obstructive hydrocephalus was caused by a mass in the pineal region (Fig. 1B) . The patient underwent an ETV with tumor biopsy. His ETVSS was 80 (age ≥ 10 years [50], nontectal brain tumor [20] , and no previous shunt [10] ). His symptoms completely resolved after surgery.
The pathological diagnosis was teratoma with both mature and immature elements. The patient initially underwent a treatment regimen of chemo-and radiation therapy. However, his tumor continued to expand. The patient then underwent subtotal open resection. The tumor has subsequently returned. However, the patient's symptoms and papilledema completely resolved after the ETV. He has not required any further treatment for hydrocephalus. An MR image obtained 5 years after the original surgery shows decompressed ventricles without transependymal flow (Fig. 1C) . The aqueduct has never been radiologically open, so we consider the ETV to be the sole treatment for the hydrocephalus.
Case 2
A 16-year-old boy presented with increasing headaches for 2 years. His visual acuity declined over the same time period. Physical examination demonstrated a very slow gait with toe walking. His head size was greater than 2 standard deviations from the mean. He attended special education classes and was diagnosed with "developmental delay" since infancy.
MRI showed grossly dilated lateral and third ventricles without transependymal flow ( Fig. 2A) . Sagittal imaging demonstrated tectal thickening with aqueductal stenosis and a relatively normal-sized fourth ventricle. The patient had an ETVSS of 90, and he underwent a technically successful ETV.
The patient's gait and headaches minimally improved. He did not change cognitively. His symptoms returned after a few months. Postoperative MRI demonstrated stable large ventricles. Sagittal T2-weighted MRI demonstrated a flow artifact through the ETV (Fig. 2B) per our interpretation, although the image is degraded due to his dental hardware. We believed that the ETV was patent, but that the patient was symptomatic from ventriculomegaly. A shunt was placed within 1 year of his ETV. The patient had minimal improvement in his gait after shunt placement. Table 3 , the OR for motor deficits/ataxia was obtained through the penalized maximum likelihood approach.
Case 3
A 43-year-old man was evaluated for progressive headaches, mild dysconjugate gaze, and memory difficulties. He stated that he had had headaches since childhood, but they were worsening in intensity, duration, and frequency over the previous 6 months. His symptoms were interfering with his job as an engineer. He had a normal neurological examination without papilledema. He had an occipitofrontal circumference measurement of 59 cm. He tried a number of medical headache regimens without success.
MRI demonstrated enlarged lateral and third ventricles, with a relatively spared fourth ventricle (Fig. 3A and  B) . We believed that the radiological appearance, clinical presentation, and macrocephaly suggested longstanding obstructive hydrocephalus. The patient underwent a technically successful ETV. He had an ETVSS of 90.
The patient had minimal to no change in his headaches or memory after surgery. MRI 9 months after surgery demonstrated a flow artifact through the ETV (Fig. 3C) with stable ventricle size. The patient eventually underwent shunt placement, but his symptoms did not improve afterward.
Discussion
The complications of CSF shunting are well known; complications include infection, operative morbidity, overdrainage, and a rate of malfunction of as much as 50% by 2 years. 2, 10 In the US alone, the cost of CSF shunting in patients and managing their complications approaches $2 billion annually. 26 ETV is a desirable alternative to shunt placement in certain patients. In selected patients, ETV provides a high rate of success and similar quality of life compared with shunting. 8, 13, 20 ETV offers the advantage of effectively treating hydrocephalus without the need for a shunt.
There are potential complications with performing an ETV. 5 Minor complications include CSF leak, infection, subdural hygromas, and hematomas. Major complications include endocrine abnormalities, injury to neural structures (oculomotor nerve, fornix, thalamus, hypothalamus), and possibly fatal injury to the basilar artery or basilar perforators. The complication rate is generally accepted to be related to the experience of the surgeon. 25 The reported complication rate ranges from 0% to 31%, with an overall estimation of approximately 8.5%. 1, 4, 7, 12, 16 The risk of basilar artery injury is less than 0.2% in experienced hands, although the risk of abandoning the procedure because of intraoperative hemorrhage is approximately 1%. 1, 3, 5 Given the rare but definite risks of the procedure, surgeons must properly select patients who have a realistic chance of success. The ETVSS was developed to predict the success rate of an ETV by 6 months. 19 This scale is simple, intuitive, and has been validated both by the original authors and by other centers. 11, 18, 21, 22, 28, 30 Kulkarni et al. based the score on 3 factors: age of the patient, origin of hydrocephalus, and the presence/absence of a previous shunt. The highest score is 90, predicting a 90% success rate at 6 months. Prior authors have explored methods to increase the chance of success in patients with low ETVSS scores. 27 However, published data are scarce regarding failure in patients who are the theoretically best candidates.
In this study, we evaluated 59 patients with an ETVSS of 80 or 90. We defined ETV failure as the requirement of shunt placement by 1 year. Eleven patients (18.6%) required a shunt, leaving a success rate of 81.4%. This is slightly lower than the estimate of 85.4%, derived by averaging all the patients' scores.
The ideal outcome is demonstrated in Case 1. In this patient, ETV led to resolution of the hydrocephalus with 5 years of follow-up data, despite multiple treatments for a complex tumor. This patient showed objective radiological improvement with a decreased ventricle size and resolution of transependymal flow. Clinically, his papilledema resolved and he had no further symptoms of hydrocephalus. By any definition, the ETV in this case was a success.
However, the definition of success or failure in ETV may be ambiguous. Previous authors have defined success as the absence of further CSF diversionary procedures, the absence of death from hydrocephalus, and improvement in clinical symptoms. 9, 15, 23 The absence of death is an objective measure. However, improvement in clinical symptoms may be subjective, as shown in Cases 2 and 3. Both of these patients underwent technically successful procedures, but they did not clinically improve. Both later underwent shunt placement, and thus their cases qualified as treatment failures in this study.
We statistically evaluated multiple clinical and radiological findings in an attempt to identify factors that may further predict outcome. There was no significant difference in outcome based on diagnosis in this restricted population. There was a statistically significant association of success with the symptoms of lethargy (p = 0.0126, OR 0.072). The statistical interpretation of this ratio is that the odds of a patient presenting with lethargy receiving a shunt by 1 year are 0.07 times the odds of a patient without lethargy. Table 4 shows the presenting signs of the study group. None of the signs were statistically correlated with the outcome, including papilledema.
Multiple radiological factors were studied. The preoperative presence of transependymal flow statistically correlated with success (p = 0.0375, OR 0.158). The preoperative ventricular size and Evans ratio did not predict outcome. Postoperatively, there was a correlation between outcome and maximum third ventricle width (p = 0.0265). A larger postoperative width correlated with an increased risk of failure (OR 1.128). Thus, for every 1 mm increase in size of the third ventricle, the odds of requiring a shunt were 1.128 greater (12.8%).
The average duration of symptoms was 8.3 months, but this did not statistically correlate with outcome. There was significant subjectivity in recording the duration of symptoms. For example, the patient in Case 3 had a 59-cm head circumference, suggesting some measure of hydrocephalus occurring prior to fusion of the cranial sutures. He reported headaches since childhood. However, his duration of symptoms was recorded as 6 months, as this was the time of worsening symptoms.
Patients with ventriculomegaly may have varying degrees of elevation of intracranial pressure (ICP). Our data suggest that patients with elevated ICP are the best candidates for ETV. The symptom of lethargy suggests a relative acute rise in ICP. In these patients, we speculate that the surrounding brain parenchyma retains its normal turgor and compliance. Elevated intraventricular pressure with normal brain parenchymal compliance may cause transependymal flow, which was statistically correlated with success in our study. As the brain parenchyma retains its normal elastic properties, it is able to "push back" against the rise in intraventricular pressure. Once an ETV is performed, the brain parenchyma resistance forces fluid through the stoma and shrinks the ventricles. A smaller size of the third ventricle after surgery was statistically correlated with success (p = 0.0265). We noted that a larger postoperative third ventricle width correlates with failure; thus, a smaller third ventricle size correlates with success. The patient in Case 1 demonstrates both clinical resolution of symptoms and reduction in ventricle size.
The Case 1 patient contrasts with the patients in Cases 2 and 3. These patients had ventriculomegaly but a lower intraventricular pressure and possibly an altered brain parenchymal compliance. This may occur in patients with compensated hydrocephalus where the ventricles enlarge slowly over an extended period of time. The authors speculate that these patients have abnormal brain compliance in which the parenchyma has lost the elasticity to push back against the enlarged ventricles. Therefore, there is no pressure gradient encouraging sufficient flow through the ETV.
The patient in Case 2 had chronically enlarged ventricles. He had enlargement of the lateral and third ventricle, with a relatively spared fourth ventricle. His ventricles did not substantially shrink after a technically successful ETV. We speculate that his symptoms were analogous to idiopathic normal pressure hydrocephalus (iNPH) and related to chronic ventriculomegaly as opposed to elevated ICP. While surgeons have attempted ETV for elderly patients with iNPH, 14 the published results have not convincingly demonstrated efficacy. 24, 29 The clinical triad of findings of iNPH (dementia, gait disturbance, and incontinence) are well known, but the pathophysiology is not understood. There is speculation that symptoms are related to stretching of the subcortical motor and dopaminergic pathways and the frontostriatal pathways. 6, 17 Some patients respond to shunt placement, presumably from active decrease of the ventricle size. The patient in Case 2 had a technically successful ETV but did not improve. He improved minimally with shunt placement. While the ETVSS does not differentiate this patient from the child in Case 1, we would suggest that his hydrocephalus is completely different.
The adult patient in Case 3 was included to highlight the challenge of treating patients with vague, nonspecific symptoms. The patient had radiological evidence of enlargement of his lateral and third ventricle. His condition was clearly longstanding, demonstrated by his macrocephaly. Our initial estimation was that his symptoms were unlikely to improve with surgery. We maximized medical management, but he subjectively reported that his symptoms were hindering his ability to perform his job and were a significant detriment to his quality of life. One may justifiably debate the diagnosis of "hydrocephalus" in this patient. However, if the clinical judgment is that the patient has hydrocephalus, the ETVSS does not discriminate between this patient and the patient in Case 1. His ETVSS predicted a 90% chance of success. He did not improve after the procedure (or after shunt placement). Cases 2 and 3 demonstrate the inherent complexities in the etiology and treatment of hydrocephalus.
Limitations of the Study
While all surgeons in the study were experienced in the procedure, there was no standardized surgical protocol. As mentioned, there was significant subjectivity in the decision to place a shunt in certain patients. This is illustrated in Case 3. This decision was left to the judgment of the surgeon and there was no standardized protocol.
The main limitation of this study is the relatively small number of patients. We were highly selective in our inclusion criteria as we attempted to focus on a very specific group of patients. However, this restrictive inclusion limits the overall number of patients. Thus, the statistical analysis and the conclusions should be considered suggestions. Any further evaluation of the ETVSS in these patients will require a more national evaluation.
Conclusions
The ETVSS is a pragmatic, simple, and useful tool to predict the outcome of ETV. However, there are treatment failures in patients with the highest possible scores. In this cohort of patients with ETVSSs of 80 or 90, we identified factors that further predict success. In this small but focused study, our data suggest that the highest chance of success occurs in patients with elevated ICP, demonstrated by lethargy and transependymal flow. This is in contrast to patients with ventriculomegaly but a lower or even normal ICP. However, this difference is not reflected by differences in the ETVSS. Postoperatively, success was correlated with smaller ventricles, specifically the third ventricle. A larger postoperative third ventricle width was related to failure. We suggest that these factors be considered when counseling patients regarding the efficacy of ETV.
